SUMMARY An enzyme immunoassay was used to determine IgM, IgG, and IgA antibodies to gonococcal pili in 68 patients with uncomplicated gonorrhoea, 35 women with pelvic inflammatory disease, and in 115 normal controls. A clear difference in response rate in all three antibody clas'ses between patients with gonorrhoea and healthy controls was evident. Among women with gonorrhoea, the magnitude of antibody response was higher than among men with gonorrhoea, especially in the IgM class. No major differences were found in the overall distribution of serological findings between women with uncomplicated gonorrhoea and those with gonococcal pelvic inflammatory disease. Among this last group, however, high IgM antibody levels in acute phase sera were significantly associated with the isolation of Neisseria gonorrhoeae in the upper genital tract.
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Gonococcal pili are filamentous structures present on the surface of the colonial variants Ti and T2 of Neisseria gonorrhoeae: they constitute a virulence factor for the organism. Pili are considered to be specific gonococcal antigens,' and several serological tests using gonococcal pili as antigen have been described, including indirect haemagglutination,2 radioimmunoassay,' and enzyme immunoassay (EIA) .34 Regardless of the method used, however, the diagnostic value of total serum antibody determinations is limited by the persistence of antibody from previous infections.5 Moreover, the time course of the class specific antibody responses in uncomplicated and complicated gonorrhoea has not been clearly defined. In the present study we applied a four layer modification of the EIA for the determination of gonococcal pilus antibodies and investigated the distribution of IgM, IgG, and IgA antibodies inpatients with uncomplicated gonorrhoea and patients with pelvic inflammatory disease (PID).
Material and methods
Sera were obtained from 68 patients with gonorrhoea (39 men and 29 women) attending the Venereal Disease Clinic in Tampere between February and April 1986. Gonococcal infection was diagnosed on Accepted for publication 11 July 1988 the basis of a positive culture of N gonorrhoeae from the urethra in men and from the urethra or cervix in women. None of the patients admitted a history of gonorrhoea.
Sera were also obtained from 35 women with acute PID seen consecutively at the Department of Obstetrics and Gynaecology, University Central Hospital, Tampere. All were admitted to hospital and underwent laparoscopy and endometrial biopsy. They were evaluated as previously described in detail. 6 Specimens for microbial cultures were obtained from the cervix, endometrium, fallopian tubes and rectum and handled as described previously.7
Sera were obtained from 115 apparently healthy female blood donors who served as normal controls. They were not examined or questioned regarding gonorrhoea.
Strain 6650 of N gonorrhoeae was used. The antigenicity of pili from this strain has been previously characterised.38 The pili were purified by precipitation with ammonium sulphate as described by Siegel et al. 9 The purity of the pilus preparation was assessed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). 
PILUS ANTIBODIES IN PATIENTS WITH PID
Of the 35 women with PID, cervical gonorrhoea was diagnosed in 10 (29%). N gonorrhoeae was also isolated from the fallopian tubes of one patient, from the fallopian tubes and endometrium of one patient, and from the endometrium of two patients. Six patients also harboured N gonorrhoeae in the rectum. Significantly higher percentages of positive sera as well as significantly higher mean antibody levels were observed among patients with gonococcal PID than among those with non-gonoccocal PID, the difference again being most striking for IgM (table). In contrast, no major differences were observed in the overall distribution of serological findings between women with gonococcal PID and those with uncomplicated gonococcal infection. Levels of IgM antibody were, however, related to the extent of gonococcal infection, so that all of the four patients with N gonorrhoeae isolated from either fallopian tubes or endometrium, or both sites, had significant (by definition) IgM levels, Miettinen, Hakkarainen, Gr6nroos, et al compared with only one of the six patients in whom N gonorrhoeae was recovered from the cervix and rectum but not from the upper genital tract (p = 0-024, Fisher's exact test) (fig 1) . Such high IgM levels were not observed among the 25 women with non-gonococcal PID nor among normal controls. A similar but less clear correlation was found for IgA levels ( fig 3) ; the distribution of IgG antibody was not related to the site of isolation of N gonorrhoeae.
None of the patients with gonococcal PID negative for IgM antibodies in the acute phase yielded a positive result when examined two to four weeks later. In contrast, one of the seven patients initially negative for IgG antibodies, and two of the six patients initially negative for IgA antibodies, gave a positive result in the convalescent phase serum sample.
Discussion
This report describes the determination of class specific antibody response to gonococcal pili in human 
